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(54) METHOD OF DEVELOPING IRREGULAR MULTIPLE-ZONE OIL DEPOSIT 



(57) Abstract: 

FIELD: oil and gas production. SUBSTANCE: 
irregular multiple-zone oil deposit is 
developed and working agent is pumped in 
through injecting wells to provide oil 
production through productive wells. In the 
late stage of deposit development, at least 
one well is killed. Preliminarily perforated 
intervals are cemented and cement bridge is 
formed in the well to create a new 
artificial bottom above perforation 
intervals At the level above upper 
perforation interval. a new inclined 



borehole is drilled transforming into 
horizontal hole in non-exhausted formation 
or inclined hole passing through several 
non-exhausted strata. New bottoms are placed 
at distance no less than 50 m from bottoms 
of earlier drilled wells. Density of 
perforations in holes in non- exhausted 
strata are chosen according to collector 
properties of strata. Oil is extracted out 
of all opened strata simultaneously. EFFECT: 
increased oil production due to fuller 
coverage of strata and involving earlier not 
working productive formations. 
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(57) Pecpepai: 

Hcnonb3oeaHne: b hscJdtbhom 
npoMbimneHHOcTM w, b MacTHOcm ripn 
paspaGotKe HecAHopoAHofl MHcronnacTOBoa 
He$TflHofl 3ajie»«4. CyiAHOCfb vj3o6p8TeHHfl: 
pa3pa6aTbtBaiOT neoAHopoAHyio 
MHororuiacTOByjo Hec|>TfiHyio 3ane>Kb. BeAyT 
3aicaHKy pa&wero areHta Mepe3 
HameTaTenbHwe cKBaxHHbi m or6op He*™ 
Mepe3 Ao6biBaioiAMe CKBaxMHbi H3 nnacToa. Ha 
no3AH8^ cTaAMM pa3pa6oTKM 3ane>Kn 
ooTaHaanwBaiOT no KpaflHefl wiepe oAwy 
CKBaxnwy. LleMeHTHpyioT nofl AaaneHMewi paHee 
nep^pupoBawHtae MHTepaaJiu m 

ycTaHaBJiMBajoT a cicaaxviHe LieMeHTHbifl moct c 
o6pa30BaHweM HOBoro MCKyccTBSHHoro 3a6oa 
Bbiiue MHTepsanoB nepcJxjpaijMU. C rny6MHbi 
Bbiiua BepXHero HHTepsana nepcfcopamw 6ypfrr 

HOBbJH HamOHHblfl CTBOJ1 CKBSWOIHbt c 

nepexoAOM Ha ropnaoHTa/ibHuR ctboji b 
HeBbipa6oraHHOM n/iacTe win HaKnoHHbifi 
ctbo/1, npoxoAfliAMfl nepe3 HecKO/ibKO 



H6B bi pa6oTa h h bix nnacTOB. Hosae 3a6on 
pacnonaraioT Ha paccroflHUM He MeHee 50 m ot 
3a6oea paHee npo6ypeHHbix cxnaxm. 

riAOTHOCTb nepcfJOpaUMM GTBOHOB B 

H8Bwpa6oTaHHbix nnacTax HaaHaMatOT cornacHO 
KonjieKTopcKMM cBoftcTBaM fuiacTOB. Ot6op 

H6<})TH BBAYT H3 BC6X BCKpWTblX HJiaCTOB 

OAHOBpeMeHHo. OcymecTenaiOT 6ypeHne 
Aono/iHMTe/ibHoro HOBoro HaKnoHHoro CTBona H3 
CTBona odaBneHHO^ CKBaacwHbi nnn HOBoro 
CTBona c nepexoAOM na ropwaoHTanhHbitf ctbod 
b oahom M3 Hesbipa6oTaMHbix nnacros wnw 
HaKDOHHbiM CTson, npoxoAfliUMfl nepes 
wecKonbico HeBbipa6oTaHHbix nnacTOB, c 
pacnono>KBHneM b pa3Hbix BepTHKa/ibHbix 
nnocKOCTRX ropM30HTanbHbix m HaxnoHHbix 
ctbohob b H6Bbipa6oTaHHbix nnacTax. 
HaoopereHMe o68cneMHBaeT yBennM6HHa 
Hec^TeoT/jaMM 3anejKvi sa cner 6onee normoro 
oxBaTa nnacroB bosas^ctbubm, BoaneMeHKfl b 
pa3pa6oTKy paHee Hepa6oraBiuKX 

npoAyKTHBHbix nnacros. 1 3. n. <|>-nb<. 
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H306peT6HMd OTHOCMTCfl K H8C>TRH0fl 
npOMUUJneHHOCTM H MO)K©T HaflTM npMMBHeHM© 

npn pa3pa6oTKe HeoAHopoflHofl 

MHoronnacroBOM HecJrraHOM 3ane>Kn. 

M3B8CTeH CT10C06 pa3pa60TKM He0TflHOfl 

3ane>KM, BXJiwsaioujuM or5op ne<J>Tvi sepes 
Ao6wBawiMMe CK&axwHbi (1) 

H3BecTHwii cnocoo" He no3Bon«eT 
pa3pa6arwaaTb HecJmwyK) sanexb c Bbicoxow 
HecfcTeoTAasevi. 

HanGonee 6jm3xmm x n3o6pereHnio no 
TexHWMecKoa cyu^HOCTH m AOcrnraeMOMy 
pe3yflbraTy aanseTCfl cnoco6 pa3pa6oTxn 

HeOAHOpOflHOW MHOronJiaCTOBOfl HetfcTRHOfl 

3anewvi, 8K/iK>sajoiAH^ 3axanxy paoonero areHra 
Mepe3 HameTarenbHye cxBaKUHbd u oToop 
Hecj>™ Mepea AoSbiBaicmne CKBaxwHbi W3 
nnacTOB [2] 

H3BecTHbift cnoco6 no3BO/i«eT n3aneKarb H3 
HecfrTaHOfl aaneKH ocHOBHbie 3anacbi, oahsko b 
3aiie>Kvi odaioTCfl 3HaMMTenbHbie 
H9Bbipa6oTaHHbie sanacw. 

B npeAnoweHHOM nsoSpeTeHUM petuaeTCfl 
saAaMa ysennseHMfl Hec>TeoTAaMM 3ajie»<w 3a 
CNeT oonee nojmoro oxBaTa nnacroB 
B03Ae^CTBMeM, BOBneMeHMfl b pa3pa6oTKy 
panee HepaooTasuiMX npoAyKTHBHHX n/iacroB b 
6biCTpoAe^cTBy»iAi4X. npocTanBaiotMMX, 

HM3KOnpOAyKTMBHblX, HepeHTa6ejibHbix, 
BbtC0XOO6B0AH8HbiX CKBa>KWHaX. 

3aAa^a pewaeTca tgm. mto b cnocooe 
pa3pa6oTKM HeQAHOpOAHOfl MHoronnacTOBofl 
nec[)TRHoS 3an9KM, BtoiscmaiomeM aaxa^xy 
pa&oMero arem-a Mepes HameTaTenbHwe 
CKBaxaiHu m OT6op HecJ)TM Mepe3 Ao6bJBaioii^ie 

CKBaX04Hbl H3 anaCTOB, COT/iaCHO M306p6T6HHI0 

Ha nosAHefl cTaAwn pa3pa6oTKM sa/ieKH 
ocTaHaannBafOT no xpaflHefl wepe oahy 
cKBa>KMHy , i4©MeHTMpyioT noA AaaneHneM paHee 
nep^opMpoaaHHbie nHTepBanu w 

ycraHaanMBaKDT b cxBaxwHe ijeMeHTHbifl mcct c 
o6pa30BaHneM hobofo ncKyccrBeHHoro saooa 
Bbiitie unrepBajioB nepcfxDpannM. c myGnHbi 
Bbioie BepxHero MHTepBana nepcfcopaijviu 6ypHT 

HOBW& HaKTIOHHblfl CTBOJI CXBaWMHbl C 

nepexoAOM Ha ropw30HTanbHbjR ctboji b 
HeBwpaooTaHHOM nnacTe unu HaxjioHHbja 
ctboji, npoxoAflmnfl Mepe3 HecKonbKo 
HeBwpaOoraHHbix nnacTOB, HOBbie 3a6on 
pacnonaraKJT Ha paccroHHHH He wenee 50 m ot 
3a6oeB paHee npcoypeHHbix cxBaxwH, 
nnoTHOCTb nep0opai4MM ctbojiob b 
H6Bbipa6oTaHHbix nnacrax Ha3HawaK>T comacHo 
Kon/ieKTopcxMM cbo^ctbsm ruiacTOB, a oTcbp 
He4)Tw BeflyT 1*3 Bcex BCKpbiTbix ruiacTOB 

OAHOBpeMeHHO. BO3M0WH0 oypeHwe 

AOno/IHMTeAbHblX HOBblX HaKJlCHHbfX CTBOJIOB V\Z 
CTBOJia OCTaBJieHHOfl CXBaJKWIHbl WJ1H H3 Hosoro 

CTBOJia c nepexoAOM Ha ropw30HTajibHbifl ctboji 
a oahom m Heabipa6oTaHHbix n/iacTOB win 
HaicnoHHbiH cTBon, npoxoA^iMM^ nepe3 
Hecxonbico HeBbipaooTaHHwx nnacTOB, c 
pacnonojxeHneM b pa3Hwx sepTMKanbHbix 
nnocKocTHx ropn3OHTanbHb0c w HaicnoHwux 
creanoa & H6Bbipa6oTaHHb!X anacTax. 

CytASCTBBHHblMH npHSHaKaMU M306p8TeHUtfl 

nBn^ioTefl cneAywu^Me. 

1. 3aKasKa pa6onero areHTa . Mepe3 
HarHeraTenbKbie cxBa>KviHbi; 

2. Ooop He$™ nepe3 pp6h\BaK)u\we 
cKBajKMHbi H3 nnacTOB; 

3. Ha nosAHePi ctbaum pa3pa6oTKM 3ane?Kvi 
ocraHOBKa no KpaviHevi wiepe oahovi cKsaxuHw; 

4. UeMeHTMpoBaHwe noA abbtibhmbm paHee 
nep^xjpwpoBaHHbix MHTepsanoB m ycraHOBKa b 
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ocraHoaneHHoB cxBaxwHe t^eMeHTHoro MOCTa c 
o6pa30saHneM hobofo wcKyccTBeHHoro saoofl 
BbioiG MHTap&aDOB nopxfcopauHvi; 

5. B ocTaHOBJieHHOH CKBajKMHe c rny6HHbi 
Bbiiue BepxHero MHTepBana nep^paqnn 
6ypeHne hoboto naxnoHHoro crBona ckb^okhhw c 
nepexoApM Ha ropusoHTaiibHbift ctboh b 
HeBbjpaooTaHHOM nnacTe win HaKnoHHWM 
ctboji, npoxoA«iMH« wepe3 HecworibKo 
HeBbipaooraHHWx nnacTOB; 

6. Us Hosoro CTBOJia ocTaHoaneHHQ& 
cxBa>KviHbi oypeH^e cneflyiou^ero HOBoro 
HatcnoHHoro CTBona CKBaxHHbi c nepexoAOM Ha 

ropH30HTai1bHbl« CTBO/l B OAHOM H3 

HeBbipa6oTaHHbix ruiacTOB wn HaxnoHHbiH 
ctboji, npoxoA^iMM^ Mepe3 HecKOJibKo 
Ha8bipa6oTaHHbix nnacroB; 

7. Pacnono)KeHH8 b pasnbix BepTHKa/ibHbix 
nrtocKOCTflx ropn30HTa/ibHbix n HaxnoHHbix 
CTBOJioB b He8bipa6oT8HHWx nnacTax; 

8. PacnojiojKeHvie : HOBbix 3aooee Ha 

paCCTOHHHM Hd M8H88 50 M OT 3a608B paH88 

npo6ypeHHWx CKBa^H; 

9. (InoTHOCTb nep#opauMn ctbojiob b 
HeBwpaooTaHHbix rmacrax cornacno 
KOJiJieKTopcKMM cbo^ctbsm nnacTOB; 

10. Otoop He<t)TM H3 Bcex BCKpuTbix nnacTOB 
OAHoepeMeHHo; 

11. Bypenne AononHHTejibHbOC HOBbix 

HaiOlOHHbiX CTBOJIOB CKBaXMHbl H3 CTBOJia 

ocTaHoaneHHoPi CKBaxwHy hjim H3 hoboto 
CTBona c nepexoApM Ha ropi*30HTanbHbift ctboji 
a oahom us h 8Bb4pa6oTaHH btx nnacTOB nnn 
HaxnoHHbift ctboji, npoxoAflu;n^ Mepe3 
HecKOJibKo H8Bbrpa6oTaHHbix njiacroB, 

npM3HaKM 1 2 flBJlHKJTCfl o6u^HMH C 

npoTOTunoM, npH3HaKH 3 10 nanniOTcq 

CymeCTBeHHblMH OTJlHHMTeJlbHWMH flpH3H8KaMM 

M3o6peTeHH«, npM3Hax 11 flsnfieTCfl nacTHbJM 

CyiABCTB8HHWM fipMSHaKOM M306peT8HMfl. 

npn pa3pa6oTKe h80AhodoahoW 
MHoronnacTOBOH Hec^T^HOH 3ane^n MacTb 
3anacoB 3anexM ocTaeTCA HeoxBaneHHOH 
B03AetfCTBneM. Ha npaicrviKe 3anexb wioxceT 

COCTOHTb 143 20 H 60Jiee njiaCTOB. riOCKOJlbKy 

ruiacTbi HMewT pa3Hy»o npoHm^aeMocTb, 
nOpHCTOCTb m t . n . to ecTb 3aJie>Kb 

neoAHopoAHa, BupaSoTKa sanacoB m njiacTOB 
nponcxoAMT HepaBHOMepHO. Bee nnacTu 
BCKpwBaKJT o6iamm (})wnbTpoM h npnoSiAaiOT k 
pa3pa6oTKe. Oahbko b pa3pa6oTKe ysacTByiOT, 
K3K npasmio, 40 60% Hec})TeHacbiiAeHHbix 
TOJIIA'^H. OXBaTbJBaJOTCfl pa3pa6oTKOi^ B 

ochobhom BbicoKonpoHni^aeMwe ruiacTbi. KpoMe 
Toro, BcneACTBwe 06pa3OBaBiiJMXCfl nepeTOKoa 
BOAU BAOJib CTBOJia cxBS)KMHbi HacTb 3anacoB 
ocTaeTca K3K 6bi 3axopoHeHHoi^ b 3aJieKH. 
fiMKBHAaqufl raicwx neperaKOB nsBecTHbiMM 
cpeACTBaMM hocmt BpeMeHHbifl xapaiaep M BO 

MHOTOM H630Cj)6KTMBHa. H3-3a 6JIM30CTH 
BOAOHe0TRHblX M ra3OHe0TRHbOC KOHTaKTOB He 

ecxpuBaioTcn uenbie nnacrbi BbicoxoW 
npoAyxTMBHOcTM, KOTOpue He MoryT 6biTb 
BoajieMeHbi B pa3pa6oTxy o6biMHbiMn motoj^mm. 
no 3tmm npuMMHaw HecfcTeoTAaMa 
HeoAHOpOAHoA MHoronnacTOBofi ne0TRHoA 
3aneKM 6uBaeT Ha 10 20 nynxToa Hkwce. Meiw 
oobNHOH 3aji8)KH. B npeAnojxeHHOM 
t*.3o6peT8HiiM pewaeTca 3aAa^a noBbiujeHMH 
HecJ)TeoTAaM m HeoAHopoAHoB MHoronnacTOBofl 
3ajieKH 3a cneT oonee no/iHoro oxeaTa nnacTOB 
B03Ae^cTBneM f BOBneMeHH* b paspaoorxy 
paHee HepaooTasiiivix npoAyxTMBHUx nnacroB b 
6bicrpoAe^ciByK)i^MX, npccTaHBaKx^nx, 
HMaxonpoAyxTHBHbix, HepeHTaeejibHbix, 



o 

<£> 
CO 

10 

o> 
o 

01 



-3- 



7J 
C 

ho 
o 

CD 
-s| 
Ol 
CO 

o 
O 



BbicoKoo6aoAHeHHbix cKoa>KMHax. 3a/^Ma 
peujaeTCH cneAyiome* coaoKyriHOCTbio 
onepai^fl. Ha no3AHe8 craw* pa3pa6oTKM 
3anewH ocTaHaBfinsaioT no KpaftHew wepe oflHy 
CKaaxwHy, t^e w e ht n py iot noA AaaneHweM panee 
nepcpopupoBaHHwe MHTepBanw w 

ycTaHaBJiweaioT b cKBaxHHe qeMeHTHwa moct c 
oepaaosaHneM hoboto HCKyccTeeHHoro 3a6o« 
Bbiiue MHTepaanoB nepqoopaijwM. 

MeMeHTwpoBaHMe noA AasneHneM hpmboamt k 
nonHofl 3aKynopKe nepc>opai4wioHHbix oTBepcTwa 
m 30Hbi oKono cKBaKMHW a npexpaujeHHKD 
BCHKoro nocTynjieHUR nnacToewx <t>nKMAOB b 

CKBB)KVIHy H BflO/lb CTBOJia CKBaKMHbJ. 

npoBepawT Ha repMeTKMHOCTb 
aKcnnyaTai^noHHyK) KoxiOHHy. C myCuHbi Ha 10 
15 m Bwuje BepxHero HHTepsana nepcfcopau.wn 
BepxHero nnacTa MHoronnacTOBOfi He<}>TflH0fl 
3a/iejKM BbipeaaioT okho b 3KcrviyaTamioHHoB 

K0J10HH8 M 6yp«T HOBUfl 

HaxnoHHo-HanpaBii€HHb)^ ctboji CKBaxuHtd Ha 
paccTOAHMH 20 50 m ot paHee npooypeHHoro c 
nepexoflpM Ha fopn30HTanbHbitt ctboji b 
HeBbipaGoTaHHOM nnacie hjih HaJOiOHHbifl 

CTBOJI. flpOXOAHlMMfl Mepe3 HeCKCtflbKO 

HeBwpa6cTaHHbix nnacTOB. oypeHne HOBoro 

CTBOJia CKBaXUHbl H 4>aiCTMMeCKa« JlUKBMAaUMfl 

npe)KHero CTBona npwBOAWT k nnKBHAai4W4 
o6pa3csaBuunxcR panee nepeTOKOB BOAbi. flpn 
3tom b TSMenwe BBCbwa AnHTenbHono cpoxa 
OTnsmaeT Heo6xoAHMocTb b nposeASHMH 

M30nfll4^lOHHbfX pa60T. ropW30HTa/1bHblft MJ1M 

HaxnoHHbJH ctboji nep4>opMpyioT ronbko b 
H8Bbipa6oraHHOM nnacTe wt/i nnacrax b 3onax 
KonneKTopa. f1pn otom wcwioMaeTca KOHTaxT 
boau nep<^x>paL\MOHHbiMn OTBopcTHAMM. PaHee 
o6pa3CBaBiunGCfl KOHyca boau m 
MeacnnacTOBue nepeTOKH otctoht ot hoboto 
CTBona Ha paccrosHuvi no KpaflHeB Mepe 20 50 
m, mto BnonHe AOCTaTOMHO Ana wcxnwHeHMfl hx 
BnnRHWfi Ha o6BOAH6Hvie AoOwBaeMoB 
npOAyw^MH. flanbHeftiuee OypeHHe hobwx 
CTBonce cxBaxuHbi bo3mo)kho M3 cTaporo 

CTBOna M H3 HOBOrO CTBOJia CKBaXUHbi. 

HanptiMep, b cTapOM CTBone CKBaacwHbi Ha 10 15 
m BULue MecTa 3ape3KM, to ecTb nana/ia 
6ypeHUfl nepBoro Hosoro CTBona, 6yp«T btodoR 

HOBbtft HaKTlOHHbiR CTBOf! CtC8a>KMHbl C 

nepexoAOM Ha ropM3CHTanbHbifl b oahom M3 
HesbipaOoTaHHbix nnacTOB nn HaxnoHHbift CTBon, 
npoxc-Aaimifl Mepes HecxonbKo 
HeswpaSGTaHHbix nnacroB. Ho OKOHMannn 
npoBOAK^ BTopora Hosoro CTBona cnycxajoT 
o6caAHyio KonoHHy (OTKnoHifrenb) AnnHow 15 20 

M H 3a6ypHBaK)T B HOBOM HaKJlOHHOM CTBone 

HHX<e ero Haqana Tpemfl HOBwft HaicnoHHbi8 
ctboji cfcsawiHbi c nepexoAOM Ha 
ropn30HTanbHbi^ b HeBupaocraHHOM ruiacTe 
HaKnoHHbi^ CTBon, npoxoAfliMM^ Hepe3 
HecKonbKO H8Bbipa6oTaHHbK nnacTOB. B HOBbix 
HaxnoHHbix cTBonax cxBa>KktHbi bo3wojkho 
6ypeHK8 hobwx cneAywtAnx HaicnoHHbix 
ctboji 08 CKBawHHbi c nepexoAOM Ha 
ropM30HTanbHwR CTBon a oahom ui3 
HeBwpaooTaHHHX nnacTOB nnn HaioioHHWH 
CTBon, npoxoAfliHMi^ Mepe3 HecKOJibKO 
HeBwpa6oTaHHMX nnacTOB. Taxoft nopflAC-K 
6ypeH^H ocyiuecTB/ifiJOT npw oo/ibUio^ oo^eR 

MOU^HOCTH H 6onbUIOM K0nWH8CTB8 fWaCTOB. 

3thm AOCTnraeTC5=. Ha'/i6onee nonHbiA ox Bar 
nnacroB B03Ae^CTBneM. B cnyqae MoujHoro 
nnacTa qenecoo0pa3Ho pasMemaTb aecb 
nopn30HTanbHwH ynacTox cKBa)KMHbi b nnacTe. 

HpM M3J10M MOIAHOCTM HnaCTOB U8J18COOepa3H0 

npoBOAHTb HaxnoHHw^ CTBon Mepe3 HecKonbKO 
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nnacTOB, nepc()opwpyfl nx b aaBucviMocTn ot 
KonneKTopcxMx cbo^ctb nnacia: 

npoHMi^aewiocTn, nopncTOCTM v\ T.n. CTBonw b 
HeBbipa6oTaHHbix nnacrax pacnonaraioT b 
pa^Hbfx nopusoHTanbHbJx nnocKocTsx. 
HeoAHopoAHOCTb nnacroB ysMTweaioT npw 
r\ep(popa\\m H8 Bbi paCoTa h h wx nnacTOB. fln fl 
noBwiueHM« npwroKa H3 HH3KonpoHMi;aeMoro 
nnacTa BunonHHioT 6onbujee kojimmbctbo 
nep<|)opai4H0HHbD( OTBepcTMii Ha noroHHbiM MeTp 
ropM30HTanbHoro nnn HaicnoHHoro CTBona. 3oHbi 
HeKOJineKTopa ocTaBnflJOT 683 nsp4>opai4HH- 
nocne 3anycxa cxBajKHHW b sxcnnyaTat^Mio 
oToop He4)TM BeflyT M3 Bcex nnacTOB 

OAHOBpeMSHHO. 

PacnonojKBHwe HOBba 3a6oeB Ha 

paCCTOflHWM H8 M8He© 50 M OT 3a608B P3H88 

npo6ypeHHbix cKBaxoiH cnocodcTByeT 6onee 
nonHOMy oxsaTy nnacroa B03fle^cTBneM n 
8bipa6oTK8 panee HeBbtpaoaTbiaaeMbix 3anacoB 
3aneKn. 

Hcnoxib30BaHH8 cyiAecTByiomero CTBona 

CKB3)KHHW 6ypeHMP HOBWX CTBOJI OB 

n03B0n«8T 3K0H0MMTb Ha 6yp8HM^l OCHOBHOrO 

CTBona n yfleujesjinTb npovisBOACTB paooT. 
rioBwujeHne oxsara nnacroB B03AeKcTaweM n 
paBHOMepnocTb BbipaooTKM 3anacoB no3BOJtfleT 
noBwcwTb HectrreoTAaHy 3ane>Kvi Ha 10 20 
nyHKTOB. ripeAnaraeMbiH cnoco6 &aer 
ysenMMeHne TeKymero cpeAHecyroM hoto As^MTa 
b 12 15 pas no cpaBHeHkiio c npHneratou^MM 
cKBaxuHawH, npo6yp8HHbtMM no M3BecTHO^ 

TeXHOJTOrMM. 

ripuMep 1. Pa3pa6aTbiBaK)T Hec^TflHyio 
3aneKb FpeMUXUHCKoro wecTopcoKAeHMJi co 
cneAyJOii^MMH xapaKTepucrnKaMM: rny6tiHa 
3aneKM 1147,5 m, rny6«Ha BOAOHec^TflHoro 
KOHTaKTa 1000 m, nnacTOBoe AaBneHne 12,5 
Mna, nnacTOBafl TewnepaTypa 28 °C, 
nopMCTOCTb 16, npoHMi4aeMOCTb 0,171 mA, 

HBCpTeHaCbJU^eHHOCTb 0,8, Bfl3KOCTb Het|)TH B 

nnacToaux ycnoBki«x 180,2 Mna»c, nnoTHOCTb 

Hed)Tn b noBepxHOCTHbix ycnoBHRX 0,916 
t/cm 3 , AaarieHMe HacbiiAeHMfl 5 Mna, ra3oabirt 
cfcaxTop 3.557 m 3 /t, Konneiaop 

TpO IAHO BQTO- KSB8pH03Hbl 84 . 3anO)Kb 

MHoronaTOBan. KonnMecTBo nnacroB 
Kon©6neTCfl no 3ane)KM ot 5 ao 17. 
npOH«i;aeMOCTb nnacTOB KoneGmeTcs ot 0,175 
AO 0,083 mkm 2 . BanaHCOBbie 3anacw 
KoneCnjoTCH no rinacTaM ot 17010,2 ao 27813,1 

TbiC.T. 

3aKaHMHBaioT paQonnvi arenT TennoHooviTenb 
^epes 83 napoHameTaTenbHwe cKBaKHHw, 
OT6npaK)T Hec&Tb nepe3 621 AoGbiBaioiAyiO 
cKBaxkiHy. Ha nosAHefl ct3a^h pa3paooTKn npn 
oSBOAHeHHOCTH Ao6biBaeMO« npoAytqww 98% m 
CTeneHM supaooTKn MsaneKaeMwx 3anacoB 50% 
npoBOAflT cjieAyioi4ne onepat^nvi. 

OCTBHaBJIHBatOT A06bl B8K) Li^yK) CKBaWUHy, 

npoxoAflLAyio Mepe3 8 nnacTOB, H3 kdtopwx 2 
oGBOAHeHbi. LleMeHTupyjOT noA AasneHneM 15 
Mfla paHee nep^opupoaaHHwe nHTepBanw Ha 
my6MHax 1169,6 1172,8 m. 1176 1177 m, 
1177.6 1180,4 m, 1182,4 1185.4 M. 1188,4 
1190,4 m, 1192,8 1208,2 m, 1209 1211 M. 1212 
1213 m. C rnyoMHbi Ha 50 m Bwuje npoexrHoro 
nnacTa, to ecTb c rny6nHb* Bwwe BepxHero 
MHTepBana nep0opai4MM, BbipesawT "owo" b 
SKcnnyaTauvioHHO^ KonoHHe AnviHOii 8 m. 

CKBaJKMHy l48M8HTMpyK)T noA A3BneHM8M 10 

Mfla. B cxBajKMHe ycraHasnMBaiOT i^eMenTHw^ 

MOCT AO OTMeTKH Ha 10 M BblUiS "okhq". 5ypeHM8 
HOBoro HawiOHHoro ' CTBona cxBajKMHbi 
npoM3BOA«T nepe3 "o:<ho" 
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HaKnowHOHanpaanGHMO c nepexoAOM Ha 
ropM30HrajibHu^ croon s HeBbipaooraHHOM 
nnacre Ha rny6wHe 1192,8 1208,2 m Ka 
paocTOAHMM 50 m 6onee m ot npe*Hero dsona, 
ripooypeHHbifl ropnaoHTaiibHwfl ctboh AnwHofl 
100 m b MHrepBane npoflyxTHBHoro nnacTa 

06caXHB3KDT nep<£OpV1pOBaHHOtf KOJIOHHOti. 

YMacTKM ropn30Hia/ibHoro cTBana b 30Hax 
Hexon/ieKTopa ocraanfl K)T 6e3 
nepcJjopupoBaHHbix OTBepcrvia. 3anycicaK)T 
CKBaoKViHy b 3KcnnyaTai^iK} m ee^yr OTOop 
Ao6bi3aeMoR npoflyw^MM. 

ripniwep 2. BwnoflHHiOT ksk npav.ep 1, ho 
oypeHMe HOBoro HaicnoHHoro cTBona CKBawMHu 
npOH3BOAflT Mepea "okho" 

HaKnoHHO-HanpaaneHHO c nepexoAOM na 

HaKXIOHHblfl CTBOJI, npOXOAHlAUfl MBD63 

HeBbipaooTaHHbie n/iacTw Ha OTMeTKax 1182,4 
1185,4 m 1188,4 1190,4 m, Ha paccTORHMVi 50 n 
oonee m ot npexHero CTBOJia m 3a5o8B 
oxpywaioinMx ckb3khh, flriHHa HaioiOHHoro 
CTBona b H8Bbjpa6oraHHbix rwacTax 120 m. 
nnoTHOdb nepapopau,wH ctbohob b 
H6Bbipa6oraHb)x rtnacTax Ha3HaMatOT ccmacno 
KonneKTOpcKHM ceovicTBaM nnacTOB. YMacrKu 
HaxnoHHoro CTBona a 3onax Heiconneiaopa 
ocraerwior 6e3 nepc()opai;noHHboc OTBepcTHfl. 

OTOOP H60TM BB/jyT 143 B08X BCXpblTblX nnaCTOB 
OAHOBpeMeHHO. 

npMMep 3. BbJnonHfl»T, kbk npMMep 1. 
nocne npoBOAKM nepBoro HaicnoHHoro CTBona 

np06yp6HHb!^ CTBO/l KOHCepBUpyKJT HHepTHOfi 
)KMflKOCTblO. Ha 10 M BbJliie "OKHa" 

ycraHaBnuBaioT pasAeJivnenb h Bbipe3aK>T 

HOBOO "OKHO", MGD83 KOTOpOO OypflT BTOpOfl 

HaxnoHHo-HanpaaneHHbi^ ctboji CKBaaoiHbi, c 
nopoxoAOM Ha ropviaoHTanbHbjfl ctboji b 
Hesbipa6oTaHHOM nnacTe Ha my6MHe 1177,6 
1180,4 m na paccTOSHHw 50 w 6onee m ot 
npexHero cTBO/ia n ctbojiob paHee 
npo6ypeHHb!X CKBaxcHH. PacnonaratoT b pa3Hbix 
BepTwcanbHbix nnocKOCTHx ropM3pHTa/ibHbie w 

HaKilOHHbie CTBOJlbl B HeSUpaOOTaHHbOC 

nnacrrax. npoOypeHHbtfi ropn30HTanbHwfl ctboji 
ATMHOft 100 m b MHTepBa/ie npqqyicTMBHoro 
nnacia oocaaatBaior nepcpopupoBaHHOfi 
iconoHHofl. YMacTKM ropM30HTaribHoro CTBona a 
3onax HeKO/ineKTopa ocraBJifliOT 6ea 
nep(}xDpai4MOHHbix oTBepCTWH. 3anyacaioT 
CKBaxwHy b 3KcnnyaTaunio m seayT OTObp 
AOOWBaeMOtf npoAyKUHM OAHOBpeMeHHO M3 Bcex 
BCKpbiTbix nnacTOB. 

flpniuep 4. Bbjno/iHflioT, icax npwMep 3. 
Aono/iHMTenbHO 6ypflT Tpe™fl 
HaKnoHHO-HanpaB/ieHHbi^ ctboh cKBaxunw m 
BToporo HaKnoHHO-HanpaaneHHoro CTBona c 
nepexoAOM Ha ropwaoHTanbHbitf ctbod b 
HeBwpaooTaHHOM nnacTe Ha my6wHe 1169.6 
1 172,8 m Ha paccTOHHMU! 50 m oonee MeTDOB ot 
npejKHero CTBona m crBonoa paHee 
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npo6yp6HHbfx CKBawvsH. PacnonaratoT b paanbix 
BepTMKanbHbix nnocicocTHx ropHSOHTanbHbie v\ 

HaKHOHHWe CTBOJlbl B HSBWDaOOTaHHblX 

nnacTax. npo6ypeHHbi^ ropM30HTa/tbHbifi ctbo/i 
Atimho^ 100 m b kJHTepBane npoAyKTHBHoro 
nnacTa o6caxnBaK)T nep4»pnpoBaHHo« 
kohohhoC*. YsacTKM ropwsoHTanbHoro CTBona b 
30H3X HeKonneKTopa ocTaanawT 6e3 
nep<t»pai^0HHbix OTBepcTviH. 3anycK8K>T 
CKBaxcviHy b aKcnnyaTat^MK) h BeAyT otoop 
Ao6biBaeMo« npQAyKi{MM oAHOBpewseHno W3 Bcex 
BOKpwTboc nnacTOB. 

npuMeHeHwe npeAnoareHHoro cnocooa 
no3BO/iHT noBUOMTb He4)TeoTAaMy 3ane>KM Ha 3 
4% 

I4CTOHHMKV1 MH0OpMa!4MM 
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HeApa, 1970, c. 307 309 npoTOTHn. 

d>opMyna n3o6peTeHM«: 

1. Cnoco6 pa3paooTKM neoAHOpoAHOfl 
MHoronnacTOBO^ He0r«HO« aarjeKM, 
BKnrosaioiAMSI 3aicaMicy paoonero areHTa wepe3 
HarHeTaTenbHwe CKBawtHbt w oroop He4>Tn 
Mepe3 A06wBaKDi^ne cKBa>KMHbi m ruiacTOB, 
oTDHMaKDii^n flea TeM, mto Ha no3AHew CTaAHM 
pa3pa6oTKM 3an©3iw ocraHaBriMBaiOT no Kpafinefi 
Mepe OAHy CKBajKHHy, i4eMeHTMpyK)T noA 
AaB/iBHuew paHee nepctwpupoBaHHbje 
HHTepsanw h ycTaHaexinBaior b cKBaxMHe 
L\eMeHTHbl« moot c o6pa30BaHneM HOBoro 
ncKyccTBeHHoro 3aooa Bbiiue HHTepBanos 
nepcfopai^Mn, c myowHbi Bbiiue Bepxnero 
nHTepBana nep^opai^viH oypm hobuh 
HaKnoHHbift ctboji CKBaKMHbi c nepexoAOM Ha 

ropM30HTaJ1bHbl« CTBOn B H8Bbipa&OTaHH0M 

nnacTe win HamonHbift ctboji, npoxoA«uJ,Mfi 
sepe3 HecKOjibico HeBupaooTaHHwx nnacTOB, 
Hoawe 3a6on pacnonaraioT Ha paccTOHHHM He 
MeHee 50 m ot 3a6oeB paHee npooypeHHboc 
cKBaxnH, nnoTHOCTb nepo>opaunii ctbojiob b 
HeabipaooTaHHbix nnacTax HasHanaioT comacHo 
KD/ineKTopcKMM cso^CTsaM ruiacTOB, a or6op 

H6<})TH B&fffT M3 BCGX BCXpblTblX nnaCTOB 
OAHOBpeMeHHO. 

2. Cnoco6 no n.1, OTnwMaioi^MKcn Tew, mto 
ocymecTBnfltoT 6ypeHMe AononHMTenbHoro 
HOBoro HaxnoHHoro cTBOJia u!3 CTBO/ia 
ocraHasneHHOM CKBa)KviHbi unw M3 hobopo 
CTBOjia c nepexoAOM Ha ropM30HTanbHbi« ctboh 
b oahom M3 HeBupa6oTaHHbix nnacToo nnn 
HaK/iOHHbtft ctboji, npoxoA^tMnC>. Mepe3 
HecKonbKo HeewpaooTaHHbix nnacTOB, c 
pacnono>KeHneM b pasHbix BepTkixanbHbix 
nnocKOCTHx ropusoHTanbHwx n hqktiohhwx 
crBonoa b HeBbipa6oTaHHbix nnacrax. 
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(54) METHOD OF CONSTRUCTING AND OPERATING UNDERGROUND GAS 
STORAGE IN MULTILAYER NON-UNIFORM LOW-PERMEABILITY SLIGHTLY 
CEMENTED TERRIGENOUS RESERVOIRS WITH UNDERLYING WATER TABLE 

Use: The invention relates to the gas industry and is provided for construction and operation of 
underground gas storages. The storage construction costs are reduced. 

Essence of the Invention: The method comprises drilling injection and production wells, 
equipping them with production strings, injecting gas into and extracting it from the production 
formation. Injection and production wells are drilled with a wellbore horizontal termination and 
are arranged in clusters with a vertical well. Initially, the production formation and partially an 
underlying water table are stricken with a vertical well. The formation local characteristics are 
determined. The data obtained are used to update the profile and design of the injection and 
production well with a wellbore horizontal termination. Then, 3-8 injection and production wells 
with the wellbore horizontal termination are drilled. The wellbore horizontal terminations are 
arranged radially from the cluster center and cased with filters, length of each wellbore 
horizontal termination being 250 m and over. The point of entry of each wellbore horizontal 
termination into the production formation top is arranged at a distance of not less than 100 m 
from a wellbore of the vertical well. It is used as an injection well, 1 dep. claim, 2 illustrations, 3 
Tables. 

DESCRIPTION OF THE INVENTION 

The invention relates to the gas industry and is provided for construction and operation of 
underground gas storages. 



The prevailing bodies used for construction of underground gas storages are depleted deposits 
(gas and gas condensate) which in the majority of cases are associated with indraught of bottom 
and under water in the process of development or with closely located water-bearing formations 
and which also change the stress condition of a reservoir matrix resulting in its reduced strength 
properties. 

Said changes in the deposit condition upon development completion limit the differential 
pressure in the well-formation system when injecting and extracting gas, and hence require 
drilling a large number of wells to maintain peak regimes in the process of underground gas 
storage operation. 

One of the main indicators for constructing an underground gas storage is a high reservoir 
permeability. For example, permeability of formations of known gas storages is as follows: 
Severo-Stavropolskoe - 1,000 mD, Peschano-Ushetskoe - 1,300 mD and Kasimovskoe - 600- 
2,800 mD. 

The world practice lacks experience of constructing large gas storages with an active capacity of 
over 5.0 billion m3 in terrigenous reservoirs with a low permeability (15-30 mD, but not more 
than 80 mD) and a small effective thickness from 4 to 25 m, but not more than 40 m. To 
efficiently operate the above deposits, the required number of wells needs to be drastically 
increased. 

The method is known that provides construction of a gas storage in a water-bearing formation of 
a heterogeneous lithologic structure comprising gas injection into the formation and gas 
extraction from it for users, with more permeable interlayers being selected in the water-bearing 
formation, while the gas is successively injected into the selected interlayers starting from the 
upper interlayer, with the gas being injected into each interlayer until the gas reaches the 
boundary of a t rap [1]. 

Disadvantages of the known method are high construction costs of the underground gas storage 
and low efficiency of its operation because of a large number of vertical wells, their low 
injection capacity and yields due to constraints on allowable pressure differentials in the well- 
formation system conditioned by the reservoir collapse during gas extraction and injection. 

The method being most similar to the claimed method in terms of technical essence and results 
obtained is the method of construction and operation of multilayer underground gas storages 
comprising selection of multiple formation bodies in a geological section to store gas, drilling 
injection and production/monitoring and regulating wells, equipping injection and production 
wells with casing and production strings, injecting gas into the selected formations and 
extracting the stored gas from them, with the production strings being perforated in each 
injection and production well in the interval of all selected formations, the gas to be stored being 
injected and extracted simultaneously in all formations through the production string of injection 
and production wells, monitoring and regulating wells being drilled for each formation and the 
gas being additionally injected into and extracted from the monitoring and regulating well to 
regulate gas injection and extraction volume with respect to each formation [2]. 

Disadvantages of the known method are associated with high costs of construction and operation 
of the underground gas storage due to a large number of vertical wells, their low injection 
capacity and yields, wells flooding under forced operation conditions, specifically during peak 
operation periods. 



The object of the present invention is to reduce construction costs of the underground gas 
storage, increase its performance by reducing the number of wells, preventing flooding and wells 
collapse and providing the required gas extraction from the underground gas storage in peak 
operation periods. 

The essence of the present invention is that in the known method of constructing and operating 
an underground gas storage in multilayer non-uniform low-permeability slightly cemented 
terrigenous reservoirs with an underlying water table comprising drilling injection and 
production wells, equipping them with production strings, injecting the gas into and extracting it 
from the production formation, in accordance with the present invention injection and production 
wells are drilled with a wellbore horizontal termination and are arranged in clusters with a 
vertical well, with the production formation and partially an underlying water table being 
initially stricken with a vertical well, local characteristics of the production formation are 
determined: occurrence depth of the production formation and underlying water table, thickness 
of an interlayer between them, permeability and porosity of each production interlayer, the data 
obtained are used to update the profile and design of the injection and production well with a 
wellbore horizontal termination, then, 3-8 injection and production wells with the wellbore 
horizontal termination are drilled, with the wellbore horizontal terminations being arranged 
radially from the cluster center and being cased with filters, length of each wellbore horizontal 
termination being 250 m and over, and the point of entry of each wellbore horizontal termination 
into the production formation top being arranged at a distance of not less than 100 m from a 
wellbore of the vertical well, with the vertical well being used as an injection well. 

In addition, each of wellbore horizontal terminations intersects all production interlayers. 

Fig. 1 ill ustrates a formation section with a vertical well and one of the injection and production 
wells with a wellbore horizontal termination. 

Fig. 2 illustrates a diagram of wells arrangement in a cluster. 

The method is embodied as follows: 

Reference is made to Fig. 1 in which: 1 - production formation; F, I, II, 111 - production 
interlayers; IV - clay interbeds; 2 - water table; 3 - shale break between production formation 1 
and underlying water table 2; 4 - vertical well; 5 - production string; 6 - mortar; 7- perforations; 
8 - injection and production well; 9 - entry of wellbore horizontal termination into top of 
production formation 1; 10- filters. 

A production formation 1 comprises low-thickness alternating sandy-clayey interbeds: I\ I, II, III 
with wedged-up clay interbeds - IV. The reservoir permeability is 30-40 mD. The total thickness 
of the production formation varies from 10 to 40 m and the weighted average gas saturated 
thickness is not more than 20 m. 

An underlying water table 2 is located beneath the production formation 1. A shale break (cap) 3 
is located between the production formation 1 and underlying water table 2. 

A vertical well 4 strikes the production formation 1, shale break 3 and partially water table 2. 
Then geophysical survey is conducted to determine as follows: position of the top and bottom of 
the production formation and its interbeds, their thickness and depth of occurrence, formation 
filtration parameters, lithologic characteristics, clayeness of the section, depth of occurrence and 
thickness of the shale break 3 separating the production formation 1 from the water table 2. 



A production string 5 is lowered into a well 4 and is cemented, then the string 5 is perforated in a 
zone of the production formation 1. 

The geological survey data are used to update the profile and design of the injection and 
production well with a wellbore 8 horizontal termination. Then, injection and production wells 8 
are drilled with the wellbore horizontal termination length of 250 m and more and are arranged 
radially from the cluster center The point of entry 9 of each wellbore horizontal termination into 
the top of production formation is arranged at a distance of not less than 100 m from a wellbore 
of the vertical well. 

Production strings 5 are lowered into the injection and production wells 8, perforated pipes 
(filters) 10 are lowered into the wellbore horizontal terminations 8 and the production string 5 is 
cemented over the production formation. 

The gas is injected into the production formation 1 through a vertical well 4 and injection and 
production wells 8, while the gas is extracted only through injection and production wells 8. 

In the provided well cluster arrangement illustrated in Fig. 2, 

where A and A' - vertical well and its drainage region, respectively; 

B and E' - injection and production well with wellbore horizontal termination and its drainage 
region; 

B - cluster with seven wells; 

a negative influence of a cone of depression is reduced to zero. 

Example. The provided method of constructing and operating an underground gas storage in 
multilayer non-uniform low-permeability slightly cemented terrigenous reservoirs with an 
underlying water table serves as the basis for constructing and operating one of the underground 
gas storages in the depleted gas condensate deposit of Albian stage of Lower Cretaceous deposits 
formed of clays, sandstones and aleurolites. 

Main geologic production data on the deposit are provided in Table 1 (Table 1-3 see at the end of 
description). 

In the process of designing the underground gas storage, it is planned to drill 241 injection and 
production vertical wells to reach the design indicator of the storage capacity. 

Using the cluster wells with a wellbore horizontal termination, however, allowed only 140 wells 
to be designed for the same capacity, out of them, 71 horizontal and 69 vertical wells. 

Table 2 provides characteristics of vertical and horizontal wells and also actual yield 
measurement. 

As it follows from data provided in Table 2, increasing the length of a wellbore horizontal 
section over 250 m increases the well yield more than 6-fold compared to that of the vertical 
well. 

Table 3 provides the data on yields of average vertical and horizontal wells. 



In May 1997, 80 wells of the underground gas storage, including 31 wells with a wellbore 
horizontal termination measuring 250 m and over in length, provided a peak injection with a 
current yield of 9.8 mem of gas compared to 4.9 and 4.4 mem of gas in April and September, 
respectively. 

In the 1997-1998 winter season characterized by extremely unfavorable climatic conditions and 
substantial shortfall in delivery of gas from the Unified Gas Supply System, the underground gas 
storage constructed using both vertical wells and wells with a wellbore horizontal termination 
demonstrated its importance and significance. In this case, even with design incomplete buffer 
gas volume the underground gas storage operated with the design productivity, thereby allowing 
for continuously supplying gas to a large region of Russia during that period. 

The claimed method compared to the prototype method reduces construction costs of an 
underground gas storage, increases its performance by reducing the number of wells, preventing 
flooding and well collapse, extracting the required volume of gas in peak operation periods, 
increases the gas storage volume and gas injection/extraction rates by putting into operation the 
formations which were considered unsuitable because of low reservoir properties when stricken 
by vertical wells and also reduces the size of wells/gas-flow lines/access roads land and mitigate 
environmental impact. 

References cited: 

1. N 1041438 A, B 65 C 5/00, 1983 

2. Soldatkin G.I. et al. Underground Storage in Water-Bearing Formations. TNTO. Foreign 
Experience. -M: VNIIEgazprom, 1968, pp. 33-37. 

Claims 

1. The method of constructing and operating an underground gas storage in multilayer non- 
uniform low-permeability slightly cemented terrigenous reservoirs with an underlying 
water table comprising drilling injection and production wells, equipping them with 
production strings, injecting the gas into and extracting it from the production formation 
characterized in that injection and production wells are drilled with a wellbore horizontal 
termination and are arranged in clusters with a vertical well, with the production 
formation and partially an underlying water table being initially stricken with a vertical 
well, local characteristics of the production formation are determined: occurrence depth 
of the production formation and underlying water table, thickness of an interlayer 
between them, permeability and porosity of each production interlayer, the data obtained 
are used to update the profile and design of the injection and production well with a 
wellbore horizontal termination, then, 3-8 injection and production wells with the 
wellbore horizontal termination are drilled, with the wellbore horizontal terminations 
being arranged radially from the cluster center and being cased with filters, length of each 
wellbore horizontal termination being 250 m and over, and the point of entry of each 
wellbore horizontal termination into the production formation top being arranged at a 
distance of not less than 100 m from a wellbore of the vertical well, with the vertical well 
being used as an injection well. 

2. The method of Claim 1 characterized in that each wellbore horizontal terminations 
intersects all production interlayers. 

DRAWINGS 

Figure K Figure 2, Figure 3 , Figure 4 



